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Constrmintm on General SU(2)L X ~(2)R ~ U(1) Elactroweak
Hodela from Nuclear Beta Decay

Peter Herczag
Lofi Alamoa lhtional Laboratory

Lom Aldmoa, New Mexico 87S45, U.S.A.

1. Introduction

The minimal etandard model of the ●lectroweak interactions is consistent with
●ll ●vaileble data. Nuclear R+ecay ●xperiment contrfhute to this conclusion
through the ●bsence of ●violence for deviation from the V-A structure of the
underlying charged-curre~t quark-lepton interaction [1]. New contributions to the
P+ecay interaction ere ●xpected ●t some level in many ●xtensions of the minimal
standard model, ❑otivated by the problems and the shortcomings of the latter.

An ●ttractive elaso of extension, of the minimal ●tandard model, which ●heda
a new light on the ●pparent V-A structure of the charged-current weak inter-
●ctions, is the class of left-right symmetric models based on the gauge group
sU(2)Lx ~(2)R x U(l) [21. A characteristic feature of these modele in the
presence of right-handed charged currents. Among the sensitive probes of right-
handed currents ●re oome observable in nuclear beta decay. Except for the time-
reversal odd correlatim [3,4] <~>-~ X# (? E nuclear spin) ●nd some preliminary
remarks on e* polarization [4], the ?mp~ication, of the corresponding measurements
have been considered [S-q] so far only for models with manifest left-right
symmetry [5] and no mixing in the leptonic sector. Here we ohall ●nalyze the
implications of beta-decay ●xperiments for more general versions of
SU(2)L x SU(2)R x U(1) models, including the most general one which ●now- for
CP-violation, unequal left- ●nd right-handed quark mixing ●ng’.en, ●nd mixing in
the leptonic sector. For ●ach scenario we ●hall compare the constraints on the
pertinent parameters from beta-decay measurements with the constraints provided Gn
them by other data.

2. The Beta-Decay Interaction in SU(2)1. x SU(2)R x U(1) Models

In SU(2)L x 5U(2)R x U(1) modele there ● re two distinct charged gauge boaon
fields WL and WR. Their coupling to the femlons is deocribed by the Lagrangian*

&?L
L “~wL (%LULN+ N(0)rLut~)

iR w (?rRuRN+ ~(0)rRvt~)+ HoC. ,’17P
(2.1)

where gL and gR ●re the gauge coupling con~tants, TL 2 YAQ - Y ): rR
i

= YA(I + Y5)
~the p?.:ac indices h~ve been-ou~presaed), P E (ti,~, . ..). N E ( ,s, . ..).
E= (t,u, . ..). end N(0) Z (vl~vzt . ..). U~, UR ●nd U, V ● re the qunrk ●nd lepton
mixir~g mrntrices, reopectiv-ly. The fieldo WL and WR●re linear combination of
the ma~s-eigenstatee WI ●nd W2

(2.2)

where c it ● mixinu ●ngle ●nd w is a CP-violating phame.
The Hamiltonian responsible fur nuclear beta decay resulting from (2.1) is

given by

~A brief review of the relevant ●apecto of !3U(2)L x !3U(2)R x U(:) is contained in
Ref. 10.
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(2.3)

where V(L) (R)- Xjuejvj D ~e - Zjvejv .i!
Aeauming that m~/m2 can be neglected

relatlv~ to one ●nd that tan2C can ● naglected relative ~o m~/m$, the constants
●LL. llRR9 nLR. and n~ ●re given by

●LL = g&os2r/8m~

(2.4)

whreml,
f

mz ● e the masses of Wl, W2, and a is a CP-violating phase from UR
Ii

(Uud - cose~o Uud - ●iaCO-8~).

A llamiltonian of the form (2.3) with arbitrary constants would be determined
by seven real parameters (four complex numbers minus ●n overall phase). In
SU(2)L x SU(2)R x U(i) models the number of independent parameters is six, in view
of the relation ?l~?lRL/l?l~llfl~l = nLR/l~LRl. One of these, ●ssociated with an
interference term between left-handed and right-handed leptonic currents, can
●ppear only through contributions proportional to the neutrino masaes and will be
ignored in the following. As the neutrinos ●re not detected, the observed ~4ecay
probability is ● sum of the probabilities of dacays into ●nergetically ●llowed
neutrino mass-eigenstates. We shall ●asume in the following that the effects of
the masoes of the neutrinos that can be produced in the decay can be neglected.

v ? l;~~;J~~;$:~Z~~!:k!7ia~eiI~~{vt~it;in
Taking ●ll t ● ●bove nto c ount, the
~+ c y“*a~~ = ●LL ue,
~7 & 2, ? = ve/ue: the summation is overn?l

~ ~int{ede~.y~
, where, Ue = Z“

the neutrino states pro uce Onlyefive ef the ●bove parameters are
independent, due to the mentioned relation.

For a measurement to yield significant constraint on new interactions the
●xpression for the chosen observable must be free of quantities with large
theoretical uncertainties or ●xperimental ● rrors. This restricts the choice to
●~lowed decays. With the ●xception of the coefficient of the T-odd correlation
<J>*fieX$v/EeE (*coefficient) we shall consider from these only pure transitions,
since general~y the ratio of the Gamaw-Teller ●nd Fermi matrixtielements is not
known with sufficient ●ccuracy (an ●xception is neutron decay, where the matrix
●lemento ●re known exactly, ●nd which provides the value of the axial-vector
coupling conetant gA). For the D-coefficient, which vanishes (up to electro-
magnetic final-8tate ●ffecte) in the minimal standard model, the precise knowledge
of the nuclmar matri

~!
lements la not ●ssential.

The parameter a ~ ●ppears only in the decay rate (in the Olk + Nlk*e+v
superallowed Fermi transition it is involved in the combination of parameters
which define Gcoa9e, where G is the M4s:ay coupling constant). The normalized
spectrum depends only on the n k“co

i
In pure transitions (ignoring recoilmrder

term-, higher-forbidden contri utions ●nd ●lectromagnetic ●ffects) ●ll the
observable (except for the rates) ● re ●ither independent of the ~,~”s or
proportional to the quantities.

am

= l-2J&)+@l: (Fomi transitions) (2.5)

●Another case is lqNe-decay (se@ B. R. Holstnin ●nd S. B. Treiman, Ref. 6), where
constraints can be obtained on manlfe~tly ●ymsetric SU(2)L x SU(2)R x U(1) model~
by ●laminating the unknown matrix ●lemente using other data.

9



11-~lz- 1#-#2 .l+*)-J+
RL . (Gemo*Teller transitions)

‘A- II -qLR12+ 1#-#12 (2.6)

In both caoes they ●e independent of the nuclear utrix ● e ●nts.

‘h”~ Pm
●tion can be obtained only on the parameters In W!. 14$!%:0”’

n ddition, the Wcoefficient provide. information on
H.\”$%$#@) . V-conserving observable- in mixed tranoitlons would be
generally sensitive ●lso to RenUand ln~l.

3. Constraints from Beta-Decay ?4easurements

The average value of XA from ●xperimental results on Gamow-Teller tran8ition8
10 [7]

‘xA)expt - 1.001 * 0.012 . (3.1)

A recent ●ccu ate measurement of the pocitron longitudinal polarization in ● Feni
Ftransition (Pe = xv) yielded [9]

‘xV)expt - 0.99 t 0.04 . (3.2)

An ●pproach followed in recent and in ongoing ●xperi ●n~ &i[lll involvesa
comparison of positron longitudinal polarization (Pe,P •~ in ● Fermi ●nd a
Gamow-Teller transition or

H
oeitrone of the same energy. The present

●xperimental result on Pe/P~ is [9]

(n:/P~)axpt = 0.986 t 0.03@ . (3.3)

The ●ccuracy for (P~/P~)expt 10 expected to be improved by 1-2 orderc of
magnitude [11].

The experimental value of the D-coefficient from a recent experiment [13],
which has the ●mallest ●rror, la

(D) expt = 0.0004 t O.OMR . (3.4)

The e ults (3.1) ●nd ( . ) im 1 ● t 90% confidence level
!n~~) - &Jl <0.085 ●nd in hf + ,1$1 < 0.18, yielding the bounds

ln~~)l <0.13 for ●ny lrI~)l ●nd coa(a + u) , (3.5)

ln~)l <0.13 for ●ny lrI~)l ●nd cos(a + u) . (3.6)

The result (3.3) implies the limit [note that (1-PF/PGT)/t3 ● Renf&)n~~)*]

‘Ren~)n~)*l < 10-2 (qO% confidence). (3.7)—

A slightly better limit (lRen#)q~~)*l < 8 x 10-3) follows from (3.1) ●nd (3.2).
The &coefficiant ha. been diocusoed previousl~hin Refa. 3 ●nd 4. Barring a

cancellation, t:le result (3.4) mets the constraints

lImri~Rl <2 M 1(’)-~ (308)

(3.9)

4. Constraints on the Beta-Decay Parameter from Other Sources

Among oth~r data the moot ●tringont conmtrainta on the parameters of
5U(2)L ~ !3U(2)R X U(1) modelo come from ●uon-decay masuremento, ●nd from data
which include ●ome nonleptonic tranaitiona. It ohould be noted that the latter
● re less reliable. in view of the unccrtatnties in calculation of nonleptonlc

●A brief ●ccount of the conclusions regarding P~/P~T reported here is given in
Ref. 12.
●*We note that lImn~)~~~)*l < lIm~LRl, provided that ~~~/gfi\ < 1.



.. ●mplitude. The implicatlone of muon*4eeay data on the IHacay parameters depend
on whether ?P ia ●rbitrary or ~U = 1. We shall consider three classes of models,
distinguished by the valuea of ?U and ?e.

(A) ?bdels with ; =6 M 1. Examples are models where U - V (such ●s
Bu( 2

‘k
x SU(2)RM$ ~~=s with Diracneutrinoe and ● diecrete left-right

symme ry). ?e - 5 - 1 ●l-o if all the neutrinos are sufficiently light to be
produced in ll+eca!.

Conct~alnts from u-decay. ●* The u-decay Flamiltonian resulting from (2.1) is
given by

(L);(L)rLu + KM6rR~\R)r~U@ - cL@Lve u

(R)#L)rLu] + R.C. .(L);jR)rRu + Kw~rR~e u+ KLR=rLVe

(4.1)

(L),(R)where vu are d~iin~: rLs v~L) ‘~~~ ●xcePt ~r ● * u, ●nd cLL - aLL/cOaR~s

‘RR - n#os9;/~osel)~- ,uM-e nLR(CO~e /cOOo~), ●nd Km = n~=
Since lcoee /cos811 K 1, we have In I ~ IKMI and

ln# < b# - !~~! - k~!~ YThe best imit on IKMI from leptonic and
●em lepton c processes comes from the quantity R - 1 - 8EP /p, (6, E, and P are
the umual muon spectrum parameters), related to the ●nd poknt of the positron
spectrum in palarized muon decay. The present experimental limit implies
I KRRI < 0.039, ●nd therefore

(4.2)

The best limit on Ir I is provided by che experimental value of the p-parameter,
implying !Kw! < O.O!k, so that

(4.3)

lnLRl $0.023 . (4.4)

The bounds (4.2) ●nd (4.3) are to be c m a ●
~or ,Ren?&!&?*

with the constraints (3.5) ●nd
(3.6)*Q~tained from fl~ecay data. I the bounds (4.2) and (4.3)
imply

lRer&)n~)* I SIC3X 10-3 , (4.5)

to be compared with the bound (3.7) resulting from the direct measurement.
Consttainto from information involving nonleptonic transitions. In models

where 91 ●nd there is no CP-violation (models with “manifest left-right
difference A% sets ● limit [14]

(4.6)

on l~R$)l (we have set g - g ●e ●ppropriate for such models), and ●n ●nalysis of
nonloptonlc K-docayu ylal#s [lk]

~ , ● rm definad ●s u , Ve, ●xcept for ● + U; ? Zvlu.
**k st~dy of the Implications for general SU(2)L x !!U(2)~ Mull(l) mod~ls of
m~asurmmmits of the potitron momentum sptctrum ●nd point in polmri~ed IJ-decay,
which we USQ here. is given in Ref. 10.
***Inspection shows that the constraint lf’iLRl < 0.033 improves the bound on KRR
from R only slightly.

4
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If CP-violation is prasent in the nonleptonlc sector, but still t3~ = Qk
(oo-cmlled ‘poeudomanlfest left-right s-try”), the limit from h% ●nd the
CP-violating parameter c imply ●gain the bound (4.6) [3,161. The bound (4.7) is
●lso recovered, combining the limit from nonleptonic R4ecayc [now proportional to
COS(U + w)] with the limit (3.7) [proportional to ●in(a + w)] (ace Ref. 10). From
(4.6) and (4.7) one obtains the ●trin$ent bound

(4.R)

For models where ~~ and 0~ ●re unrelated, the KO * ~“ ●mplitude sete no
constraints on nR or K (see Ref. 10). The conatrainte from nonleptonic
K-decaya ●nd the ~coef~~cient takes the form

Observing that rImrI*U = KmqLRB we obtain from the limit m IKM! from R and from
(4.9) the bound

(4.10)

IImn I I- constrained by the CP-violating parameter c-
?

in KL * 2U decaya, anti
●lso y the electric dipole moment of the neutron (Dn) to be leas than -lO-Q [4].
These constraints are, of course, leas reliable than the conatrainte (3.8) from
the direct measurement.

4 ~~(B) Models wit rbitrary 6 •ndc~ . In thin case muon decay does not provide a
constraint on fl~ , The p-parameter yields

Inf$l <0.047 (90% confidence), (4.11)

which is the beat l’.mit
?~)l”@J)from leptonic and semileptonic data. Combining

(4.11) with the bound InRR - n~ I < 0.085 from data on Camow-Teller kiecays
(3.1) yields

ln$&)l <0.12 (4.12)

i.e., the came limit ●a from XV ●nd XA (3.5). The limlts (4.11) ●nd (4.12) imply

‘e) does not imply ● bound on lnLR1. The he~t limitWe note that here ● bound,on q ~
on lqLRl in this caoe \from lep onic ●nd semileptonic proceasee ie lq ~! < 0.1

9provided by data on”inclualve neutrino andantineutrino scattering 11 J.
Since Ve -< 1 (-ee Ref. 10), for models with mani g t or poeudomanifest left-

right symmetry the limits (4.6) ●nd (4.7) hold for In f!

bound (4.8), ● a for models of clacs (A). p 1 al!d I’yl’ ‘mplying ‘heIn models w ● re al and ~ ●re unrelated
only the limit (4.9

~eJr~~)~On’ePtonic
K-decays ●nd the IPcoefficient holds. The

implication for RenRR nw is

(4.14)

(C) Models with ~,, = 1, and ●rbitrary Ibis ●cenario would ●rise if all the
neutrinon could not in P-decaY. The concluaiona
regarding the limits on the beta-decay parameter. from other oourcea ● re the same
as

f[fl
o ● aac (A), ●xcept for that

on hL.
, ●s in claam (B) lqLRl lo not bounded by ● limit

5



5. Conclusions

Excluding from conalderation mixed transitions and not counting the parameter
involvetl only in the decay rates, R-decay measurements ●re ●enaitive to three

“0 b!natio?i)yf:::a::?jq?w2)Lx‘U(2)Rx‘(’) ‘Od*ls:‘heC“natantsInk1, In
In SUrk),’X SU(2)~ x v!~) ~odels where v.. = 1 the available muon-decay data

●et more ctri~gent lim~ta on the R-decay para~eters than the ●xisting Saecay
meaauremen s I particular, the upper limit from mu n

Ie$ (e$*, (which ia maasured by the ratio Pe/pemeter lRenM rIR
i

~ ~~~aY data on the para-
of beta-ray polari-

zations) Im sma ler by an order of mag i u e ~han the limit from the ●xisting
direct meaaurernent. vet ~e) I derived from data involving

‘e limit-On ‘Re’ER ‘!Lnonleptonic proceasea IS bettek than t e 1 mit from udecay data by an order of
magnitude.

In SU(2) x SU(2)R x U(1) models where V is arbitrary In(e)! is no
k The best ~im~: on IRenk)$)’ Iconstrained i beta decay data are not includ~d.

from leptonic and eemileptonic processes (obtained by combining the informat on
from the p-parameter and Camow-Teller %iecay data), as well aa the limit from
data involving nonleptonic processes are only slightly better than the present
limit from a direct measur ment

fitIn all models where 01 = 01 the conatraintm on the ~~ecay parameter derived
from nonleptonic processes are much more stringent than those implied by other
data.

7?5
● : ~es for a nonzero D-coefficient provide conatrainta on ImnLR and

hn& nRL . The best limits on these from leptonic and semileptonic processes
ccme from the direct measurement. The conatrainta derived from nonleptonic
processes are more stringent by an order of magnitude, but less reliable.

I would like to thank Professors J. Deutach, A. Rich, and M. Skalsey for
informative conversation. This work was performed under the auspicea of the
U.S. Department of Energy.
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